
 

 

The ARRIVE Guidelines Checklist 
Animal Research: Reporting In Vivo Experiments 
Carol Kilkenny1, William J Browne2, Innes C Cuthill3, Michael Emerson4 and Douglas G Altman5 
1The National Centre for the Replacement, Refinement and Reduction of Animals in Research, London, UK, 2School of Veterinary 
Science, University of Bristol, Bristol, UK, 3School of Biological Sciences, University of Bristol, Bristol, UK, 4National Heart and Lung 
Institute, Imperial College London, UK, 5Centre for Statistics in Medicine, University of Oxford, Oxford, UK. 

 

 ITEM RECOMMENDATION Section/ 
Paragraph 

Title 1 Provide as accurate and concise a description of the content of the article 
as possible. 

      

Abstract 2 Provide an accurate summary of the background, research objectives, 
including details of the species or strain of animal used, key methods, 
principal findings and conclusions of the study. 

      

INTRODUCTION  

Background 3 a. Include sufficient scientific background (including relevant references to 
previous work) to understand the motivation and context for the study, 
and explain the experimental approach and rationale. 

b. Explain how and why the animal species and model being used can 
address the scientific objectives and, where appropriate, the study’s 
relevance to human biology. 

      

Objectives 4 Clearly describe the primary and any secondary objectives of the study, or 
specific hypotheses being tested. 

      

METHODS  

Ethical statement 5 Indicate the nature of the ethical review permissions, relevant licences (e.g. 
Animal [Scientific Procedures] Act 1986), and national or institutional 
guidelines for the care and use of animals, that cover the research. 

      

Study design 6 For each experiment, give brief details of the study design including: 

a. The number of experimental and control groups. 

b. Any steps taken to minimise the effects of subjective bias when 
allocating animals to treatment (e.g. randomisation procedure) and when 
assessing results (e.g. if done, describe who was blinded and when). 

c. The experimental unit (e.g. a single animal, group or cage of animals). 

A time-line diagram or flow chart can be useful to illustrate how complex 
study designs were carried out. 

      

Experimental 
procedures 

7 For each experiment and each experimental group, including controls, 
provide precise details of all procedures carried out. For example: 

a. How (e.g. drug formulation and dose, site and route of administration, 
anaesthesia and analgesia used [including monitoring], surgical 
procedure, method of euthanasia). Provide details of any specialist 
equipment used, including supplier(s). 

b. When (e.g. time of day). 

c. Where (e.g. home cage, laboratory, water maze). 

d. Why (e.g. rationale for choice of specific anaesthetic, route of 
administration, drug dose used). 

      

Experimental 
animals 

8 a. Provide details of the animals used, including species, strain, sex, 
developmental stage (e.g. mean or median age plus age range) and 
weight (e.g. mean or median weight plus weight range). 

b. Provide further relevant information such as the source of animals, 
international strain nomenclature, genetic modification status (e.g. 
knock-out or transgenic), genotype, health/immune status, drug or test 
naïve, previous procedures, etc. 
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Housing and 
husbandry 

9 Provide details of: 

a. Housing (type of facility e.g. specific pathogen free [SPF]; type of cage or 
housing; bedding material; number of cage companions; tank shape and 
material etc. for fish). 

b. Husbandry conditions (e.g. breeding programme, light/dark cycle, 
temperature, quality of water etc for fish, type of food, access to food 
and water, environmental enrichment). 

c. Welfare-related assessments and interventions that were carried out 
prior to, during, or after the experiment. 

      

Sample size 10 a. Specify the total number of animals used in each experiment, and the 
number of animals in each experimental group.  

b. Explain how the number of animals was arrived at. Provide details of any 
sample size calculation used. 

c. Indicate the number of independent replications of each experiment, if 
relevant. 

      

Allocating 
animals to 
experimental 
groups 

11 a. Give full details of how animals were allocated to experimental groups, 
including randomisation or matching if done. 

b. Describe the order in which the animals in the different experimental 
groups were treated and assessed. 

      

Experimental 
outcomes 

12 Clearly define the primary and secondary experimental outcomes assessed 
(e.g. cell death, molecular markers, behavioural changes). 

      

Statistical 
methods 

13 a. Provide details of the statistical methods used for each analysis. 

b. Specify the unit of analysis for each dataset (e.g. single animal, group of 
animals, single neuron). 

c. Describe any methods used to assess whether the data met the 
assumptions of the statistical approach. 

      

RESULTS  

Baseline data 14 For each experimental group, report relevant characteristics and health 
status of animals (e.g. weight, microbiological status, and drug or test naïve) 
prior to treatment or testing. (This information can often be tabulated). 

      

Numbers 
analysed 

15 a. Report the number of animals in each group included in each analysis. 
Report absolute numbers (e.g. 10/20, not 50%2). 

b. If any animals or data were not included in the analysis, explain why. 

      

Outcomes and 
estimation 

16 Report the results for each analysis carried out, with a measure of precision 
(e.g. standard error or confidence interval). 

      

Adverse events 17 a. Give details of all important adverse events in each experimental group. 

b. Describe any modifications to the experimental protocols made to 
reduce adverse events. 

      

DISCUSSION  

Interpretation/ 
scientific 
implications 

18 a. Interpret the results, taking into account the study objectives and 
hypotheses, current theory and other relevant studies in the literature. 

b. Comment on the study limitations including any potential sources of bias, 
any limitations of the animal model, and the imprecision associated with 
the results2. 

c. Describe any implications of your experimental methods or findings for 
the replacement, refinement or reduction (the 3Rs) of the use of animals 
in research. 

      

Generalisability/ 
translation 

19 Comment on whether, and how, the findings of this study are likely to 
translate to other species or systems, including any relevance to human 
biology. 

      

Funding 20 List all funding sources (including grant number) and the role of the 
funder(s) in the study. 
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	Text2: Therapeutic inhibition of poly(ADP-ribose) polymerase (PARP), as monotherapy or to supplement the potencies of other agents, is a promising strategy in cancer treatment. We previously reported that the first PARP inhibitor to enter clinical trial, rucaparib (AG014699), induced vasodilation in vivo in xenografts, potentiating response to temozolomide. We now report that rucaparib inhibits the activity of the muscle contraction mediator myosin light chain kinase (MLCK) 10-fold more potently than its commercially available inhibitor ML-9. Moreover, rucaparib produces additive relaxation above the maximal degree achievable with ML-9, suggesting that MLCK inhibition is not solely responsible for dilation. Inhibition of nitric oxide synthesis using L-NMMA also failed to impact rucaparib’s activity. Rucaparib contains the nicotinamide pharmacophore, suggesting it may inhibit other NAD+-dependent processes. NAD+ exerts P2 purinergic receptor-dependent inhibition of smooth muscle contraction. Indiscriminate blockade of the P2 purinergic receptors with suramin abrogated rucaparib-induced vasodilation in rat arterial tissue without affecting ML-9-evoked dilation, although the specific receptor subtypes responsible have not been unequivocally identified. Furthermore, dorsal window chamber and real time tumor vessel perfusion analyses in PARP-/- mice indicate a potential role for PARP in dilation of tumor-recruited vessels. Finally, rucaparib provoked relaxation in 70% of patient-derived tumor-associated vessels. These data provide tantalising evidence of the complexity of the mechanism underlying rucaparib-mediated vasodilation. 
	Text3: Poly (ADP-ribose) polymerase -1 and -2 (PARP-1 and -2) are DNA damage-activated enzymes that participate in multiple DNA repair pathways, including base excision repair [1,2]. Upon binding to DNA breaks, PARP-1/2 ADP-ribosylate themselves, histones H1 and H2B, loosening chromatin and facilitating repair, concomitantly consuming NAD+ and releasing nicotinamide [1,2]. PARP-1 or -2 loss or inhibition results in increased sensitivity to DNA alkylating agents, topoisomerase I poisons and ionizing radiation. Attention is now being paid to PARP inhibitors as cancer chemosensitisers [3]. AG14361 (one of a series of tricyclic benzimidazole carboxamide PARP inhibitors [4] is a potent chemo- and radiosensitizer in vitro and in vivo [5] and inhibits the repair of double strand breaks in DNA, sensitizing cancer cells to ionising radiation [6]. Further development of this series of inhibitors identified AG14447 as a chemosensitizer with ten times the potency of AG14361; the phosphate salt of AG14447 is AG014699, now called rucaparib, which has equivalent potency and improved pharmacological properties [7]. Rucaparib was the first PARP inhibitor tested in cancer patients. Rucaparib displayed encouraging activity in phase I and phase II trials for treatment of metastatic malignant melanoma in combination with temozolomide [8]. There are now several PARP inhibitors in advanced clinical trials, including BMN-673, olaparib, veliparib and niraparib, as well as rucaparib (www.clinicaltrials.gov). In SW620 xenografts, AG14361 was a more potent chemosensitizer than it was during in vitro testing; visualization of the tumor vasculature indicated that this anomaly may be attributable to effects of the drug on tumor blood flow [5]. Rucaparib, like most PARP inhibitors, contains the nicotinamide pharmacophore. Nicotinamide (itself a weak PARP inhibitor) was demonstrated to enhance radiotherapy by increasing tumor perfusion over two decades ago [9]. However, its therapeutic benefit is restricted by its dose limiting toxicity, emesis, which has been attributed to inhibition of contraction of smooth muscle of the gut, resultant of myosin light chain kinase (MLCK) inhibition [10]. We showed previously that both rucaparib and AG14361 induced relaxation of constricted rat arteries, but only rucaparib inhibited MLCK activity [11]. It is evident that a mechanism more complex than MLCK inhibition is responsible for vasodilation induced by these PARP inhibitors. 
	Text5: The purpose of the current study was to gain a better understanding of the behaviour of rucaparib by delineating the mechanism of its vasoactivity using rat arterial tissue. Additionally, we investigated whether freshly excised tumor associated vascular tissue from patients having undergone nephrectomy for renal cell carcinoma displayed a similar pattern of response to rucaparib. Our results indicate that rucaparib-evoked relaxation of arterial tissue is reliant on MLCK inhibition, is dependent on P2 purinergic receptors, and may involve PARP itself. 
	Text6: All animal experiments were carried out in accordance with the Animal (Scientific Procedures) Act 1986 and conformed to the current UKCCCR guidelines. Experiments were conducted under project license numbers PPL40/3212 (Manchester) and PPL60/3554 (Newcastle). Mouse experiments were approved by the Home Office Inspectorate, and the Local Ethical Review Process of The University of Manchester and the Institutional Animal Welfare Committee at Newcastle University. Ethical approval for the rat vascular assays was not required as no experimental procedure was carried out on the animals before sacrifice. Mice were bred in-house and maintained using the highest possible standard of care, and priority was given to their welfare. Any mice identified to be suffering were immediately sacrificed. Rats were purchased from Harlan (UK). Anesthesia of mice was by isoflurane. All animals were sacrificed by CO2 asphyxiation.
	Text7: Vessel mismatch studies – Four experimental groups (wild-type and PARP-/- mice that received rucaparib or saline). Mice were randomly assigned to saline or rucaparib groups. Three mice were interrogated per group, totaling 12 mice.Dorsal window chamber assay – Two experimental groups (wild-type and PARP-/- mice, both of which received rucaparib). No randomization necessary as all mice received rucaparib. 
	Text8: Vessel mismatch - Once B16 tumors grown subcutaneously on the flank of C57BL/6 WT or PARP-/- [12] mice achieved a diameter of 10 mm, rucaparib (1 mg/kg) was administered i.p., followed 30 min later by Hoechst 33342 (i.v., 15 mg/kg, dissolved in PBS) and a further 20 min later by carbocyanine (i.v., 1 mg/kg, dissolved in 75% dimethyl sulphoxide). 5 min following carbocyanine delivery, mice were sacrificed (CO2 asphyxiation), tumors were excised and rapidly frozen. A Nikon Eclipse E800 microscope was used to analyze the Hoechst 33342 and carbocyanine (excitation wavelengths, 340-380 nm and 450-490 nm; emission wavelengths, 480 nm and 510 nm, for Hoechst and carbocyanine, respectively) content of vessels in 10 μm tumor sections.Dorsal window chamber - chambers implanted in C57BL/6 WT or PARP-/- mice were inoculated with 30 μl of B16 cells at 5x107/ml. When tumors were established, intravital microscopy was used to assess vascular parameters in anesthetized (isoflurane) mice. Images were captured in both bright field and fluorescence before and after administration of rucaparib (ip 10 mg/kg) using a Nikon Eclipse E800. Real time tumor perfusion was assessed by quantification of the accumulation of BSA labeled with Alexa-Fluoro-647 (BSA-647; excitation wavelength 647 nm, 1 mg/mL in sterile saline; Molecular Probes; Invitrogen) that was delivered i.v. (100 μl/mouse) before rucaparib treatment.Routes of administration and dosages of agents in both assays were chosen so as to harmonize with previously reported methods.
	Text9: Vessel mismatch and dorsal window chamber assays – performed in C57BL/6 WT or PARP-/- [de Murcia JM, Niedergang C, Trucco C, Ricoul M, Dutrillaux B, et al. Requirement of poly(ADP-ribose) polymerase in recovery from DNA damage in mice and in cells. Proc Natl Acad Sci U S A 1997 Jul 8;94(14):7303-7307]. Mice were female, age ranging 6-8 weeks. Mice were bred in-house.
	Text10: Mice were maintained in a specific pathogen free facility, housed in individually-ventilated cages (IVCs) at three mice per cage in a 12 h:12 h light:dark cycle at 21± 2°C. Food and water were freely available. Cage bedding (straw-based) was routinely changed, and food/water replenished as required. Cardboard tubes were included for environmental enrichment. Routine observation of mice was made to ensure appropriate welfare of mice.  
	Text11: Vessel mismatch – 12 mice total (4 groups with 2 mice per control group and 3 mice per rucaparib group). Dorsal window chamber – 6 mice total (2 groups x 3 mice/group). Three mice were used per group as the techniques used are highly reproducible, and three was deemed sufficient. Using more mice would have been in contravention with the ‘reduction’ element of the 3Rs. 
	Text12: Mice were randomly assigned to experimental groups.
	Text13: Vessel mismatch – degree of vessel mismatch was determined by counting the number of vessels perfused with either/both fluorescent dye(s). Dorsal window chamber - Real time tumor perfusion was assessed by quantification of the accumulation of BSA labeled with Alexa-Fluoro-647.
	Text14: Animals were grouped by treatment group, and groups were compared with one another. Student’s t test was used to determine significance of treatment with rucaparib. 
	Text15: The animals’ health status was monitored by experienced laboratory animal technicians and by researchers throughout the duration of the experiments. No mice displayed any signs of distress during tumor establishment. In both assays, mice were sacrificed shortly (≤ 80 mins) after fluorophore/rucaparib/vehicle treatment. 
	Text16: Vessel mismatch – 10/10 mice included in analysis. Dorsal window chamber – 6/6 mice included in analysis.
	Text17: Vessel mismatch - In WT mice treated with saline, 40.5 ± 7.14% of vessels were mismatched, while those treated with rucaparib had 17.1 ± 9.26% mismatched vessels. Conversely, rucaparib treatment did not affect the degree of vessel mismatch in PARP-/- mice; vessel mismatch in saline-treated mice was 40.3 ± 18.8%, while in rucaparib-treated mice, vessel mismatch was 50.9 ± 18.9%. Dorsal window chamber - treatment with rucaparib in WT mice evoked impressive accumulation of fluorescence in tumors (1.85-fold increase in fluorescence above initial baseline in WT, 0.97-fold in PARP-/-), while levels of BSA-647 following similar treatment in PARP-/- mice failed to increase above baseline plateau.
	Text18: N/A
	Text19: The data from PARP-1-/- mice indicating that PARP-1 may be involved in rucaparib-mediated vessel dilation was not anticipated, although the dorsal window chamber assay data supported the vessel mismatch data indicating that to be the case (Figure 4). While the apparent absence of vasoactivity in PARP-/- mice was curious, the phenomenon is not without precedent. Inhibition of PARP-1 with veliparib sensitized wild-type murine embryonic fibroblasts to camptothecin, although PARP-1-/- counterparts were not similarly sensitive, suggesting that PARP-1 inhibition and PARP-1 absence are not equivalent [25]. Similarly, PARP inhibition with olaparib manifested DNA damage accumulation and cell cycle arrest in wild-type DT40 cells, but PARP-/- counterparts did not display these characteristics, and olaparib sensitized wild-type cells to methyl methanesulfonate, sensitivity that was lacking in PARP-1-/- [26]. In that respect, our vasodilation results are comparable with the above, where inhibited PARP and absence of PARP did not correlate.
	Text20: The manuscript also contains data on the vasoactivity of rucaparib in tumor-associated vascular tissue isolated from patients undergoing nephrectomy for renal call carcinoma. The majority of human tissues were as responsive to rucaparib-mediated vasodilation as mouse/rat vascular tissues were. The finding that PARP-1 may be involved in rucaparib-mediated vasodilation is puzzling, as no evidence exists with respect to an involvement of PARP in muscle contraction. 
	Text21: Financial support; this work was funded by one Project Grant (C1278/A5965) awarded by Cancer Research UK to D.G. Hirst, T. Robson, and C. Shaw.
	Text1: Vasoactivity of rucaparib, a PARP-1 inhibitor, is a complex process that involves myosin light chain kinase, P2 receptors, and PARP itself.


